Stilbene derivatives, which are resveratrol (3,4?,5-trihydroxy-trans-stilbene) oligomers ranging from monomer to tetramer, isolated from Dipterocarpaceae plants were tested for their inhibitory eŠects against murine tyrosinase activity. The structure-activity relationships obtained in this study suggest that the double bond in the stilbene skeleton is critical for the inhibition, and also that molecular size is important for inhibitory potency.
Melanin production is principally responsible for skin color and plays an important role in prevention of sun-induced skin injury. Melanin is produced by melanocytes in the basal layer of the epidermis. Synthesis of melanin starts from the conversion of the amino acid L-tyrosine to 3,4-dihydroxyphenylalanine (L-dopa) and then the oxidation of L-dopa yields dopaquinone by tyrosinase, an enzyme catalyzing the rate-limiting step for melanin biosynthesis. 1) This tyrosinase process is involved in abnormal accumulation of melanin pigments (hyperpigmentation). 1) Therefore, tyrosinase inhibitors have been established as important constituents of cosmetic materials and depigmenting agents for hyperpigmentation. 2) Stilbene derivatives are known to be abundantly distributed in the plants belonging to Dipterocarpaceae, Vitaceae, Leguminosae, and Cyperaceae as a variety of resveratrol (3,4?,5-trihydroxy-trans-stilbene) oligomers ranging from monomer to octamer. Some of their derivatives have also been reported to possess various biological activities such as anti-carcinogenic 3) and anti-in‰ammatory 4) eŠects. Therefore, stilbene derivatives composed of resveratrol are considered to be useful resources for pharmacological agents. Recent report has demonstrated that resveratrol derivatives had an inhibitory eŠect on tyrosinase activity. 5) However, its detailed mechanisms are not clearly understood. In our previous phytochemical studies of Dipterocarpaceae, we reported the isolation and chemical structure analysis of various resveratrol derivatives including new compounds. [6] [7] [8] [9] [10] [11] [12] [13] [14] In this study, we evaluated the inhibitory eŠect of resveratrol derivatives isolated from Dipterocarpaceae on murine tyrosinase.
To examine the inhibitory eŠects of stilbene compounds on tyrosinase activity, we have used isolated resveratrol derivatives from Dipterocarpaceae plants. Figure 1 shows the major resveratrol derivatives isolated from the genus Vatica and Shorea. The isolation procedures of these compounds were described in the previous papers. [6] [7] [8] [9] [10] [11] [12] [13] [14] Ten stilbene compounds (resveratrol oligomers) tested here are resveratrol, piceid, and dihydroresveratrol as monomers; (-)-e-viniferin as a dimer; vaticanol A, vaticanol G, and a-viniferin as trimers; vaticanol B, vaticanol C, and (-)-hopeaphenol as tetramers. The tyrosinase was prepared from murine B16 melanoma cells (Riken Cell Bank, Tsukuba, Japan). The cells were lysed by incubating at 49 C for 1 h in lysis buŠer (10 mM TrisHCl, pH 7.5, 1z NP-40, 0.1z sodium deoxycholate, 0.1z SDS, 150 mM NaCl, 1 mM EDTA, 0.5 mM 4-(2-aminoethyl)-benzenesulfonyl ‰uride hydrochloride, and 10 mg W ml leupeptin). The lysates were centrifuged at 50,000×g for 30 min to obtain the supernatant as a source of tyrosinase. The reaction mixture contained 50 mM phosphate buŠer, pH 6.8, 0.05z L-dopa, and the supernatant (tyrosinase). After incubation in the presence or absence of various stilbene derivatives at 379 C for 20 min, dopachrome formation was monitored by measuring the absorbance at wavelength 492 nm.
The inhibitory eŠects on tyrosinase activity of three resveratrol monomers from Dipterocarpaceae plants have been examined. As shown in Table I , resveratrol and piceid were more potent than kojic acid, used often as a standard inhibitor for murine tyrosinase activity. Resveratrol caused almost complete inhibition at 100 mM. The 50z inhibitory concentration (IC50) value was about 10 mM for tyrosinase activity. Piceid, a glucoside of resveratrol, also eŠectively inhibited tyrosinase activity, but was much less eŠective than resveratrol (Table I) . This suggests that number of phenolic hydroxy groups is important for the inhibitory potency of resveratrol for tyrosinase activity. The result was consistent with the observation by Kim et al. 5) Intriguingly, as shown in Table I , dihydroresveratrol had much less inhibitory eŠect on tyrosinase activity. The inhibitory activity of resveratrol was found to be abolished by hydrogenation, thus indicating that the double bond in the stilbene skeleton would be critical for the inhibitory potency.
In the next experiments, the eŠects of other resveratrol oligomers were examined for inhibitory eŠects on tyrosinase activity. As shown in Table II , the inhibitory eŠect of (-)-e-viniferin was modest compared with resveratrol, and the other resveratrol oligomers did not show signiˆcant inhibitory eŠects at 100 mM. The inhibitory potency of the resveratrol oligomers was strongly reduced by increasing polymerization.
In conclusion, the structure-activity relationships showed that the oleˆnic double bond in the parent stilbene skeleton is necessary for the tyrosinase inhibitory activity, and also that the whole molecular size is important for the inhibition. The results obtained in this study would provide useful clues for to the design and discovery of new tyrosinase inhibitors.
